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I. PROBLEM DESCRIPTION
Retinal Vein Occlusion (RVO) is an eye condition where
clots are formed in retinal veins. These clots disturb the
oxygen delivery to the retina. As a result the patient slowly
loses his/her sight. The disease affects an estimated 16.4
million adults worldwide. A promising treatment is retinal
vein cannulation [1]. During this procedure the surgeon inserts
a needle through the sclera and injects a clot-dissolving
fluid directly in the affected veins. Many reports demonstrate
successful cannulations in animal and human models. Though,
the procedure is not performed clinically today because of the
high risk of damaging the retina. Unintended hand vibrations
and the rotation of the eye make it extremely difficult to insert
and hold the needle in a retinal vein (10 µm-130 µm).
II. PROPOSED SOLUTION
The above-mentioned safety issues are solved by introducing
a novel high-precision robotic device to assist the surgeon.
The surgeon operates the robotic device directly with his/her
hand as is also done with the Steady-Hand Eye Robot [2].
In this way, both the precision of the robotic device and
the intelligence of the surgeon are being fully exploited. The
robotic system increases the achievable positioning precision
by two means.
Firstly, the device consists of a mechanical Remote Center of
Motion (RCM) mechanism [3]. The needle can only rotate
around and translate through this fixed point. Positioning the
RCM on the incision point keeps the eye from rotating.
Therefore, the retina will remain at the same position during
the procedure. Secondly, an impedance controller is used
to implement virtual viscous damping in the system. The
mechanism is equipped with three motors to generate this
damping in the three degrees of freedom. The viscous damping
acts as a filter for high-frequency hand vibrations seen in the
manual procedure. It also increases the positioning resolution
by reducing the velocity of hand movements. The viscosity
can be made position and direction dependent to optimise
the balance between smoothness of operation and precision.
The combination of the above-mentioned features results in
an improvement of the safety and the success rate of the
procedure.
III. EXPERIMENTAL VALIDATION
Experiments have been conducted using mechanical eye mod-
els. A first eye model was designed to quantify the achievable
positioning precision. A pretensioned gimbal mechanism was
constructed to simulate the rotation of the eye and the presence
of eye muscles. A rectangular silicon plate was patterned with
gold lines of varying width (5 µm-100 µm) and placed in
the gimbal mechanism. The achievable positioning precision
was quantified by detecting the smallest line which could
be touched in a controlled way by the surgeon. A second
eye model was used to simulate a retinal cannulation. A
polymer eye was placed in the gimbal mechanism. A PDMS
layer with embedded channels of varying diameter (80 µm-
120 µm) was produced to simulate the retina. The surgeon
was asked to cannulate the 100 µm-channel with a 80 µm-
tip needle. Tests on both eye models were conducted in three
different scenarios: a manual, a passive and an active scenario.
Preliminary results already showed a clear improvement in the
positioning precision when using the robotic device [4]. In this
talk we discuss recent work on tailoring damping levels and
gradients over space for delicate positioning tasks.
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